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ABSTRACT
Context. Galaxy mass and environment play a major role in the evolution of galaxies. In the transition from star-forming to quenched
galaxies, Active galactic nuclei (AGN) have also a principal action. However, the connections between these three actors are still
uncertain.
Aims. In this work we investigate the effects of stellar mass and the large-scale environment (LSS), on the fraction of optical nuclear
activity in a population of isolated galaxies, where AGN would not be triggered by recent galaxy interactions or mergers.
Methods. As a continuation of a previous work, we focus on isolated galaxies to study the effect of stellar mass and the LSS in
terms of morphology (early- and late-type), colour (red and blue), and specific star formation rate (quenched and star-forming). To
explore where AGN activity is affected by the LSS we fix the stellar mass into low- and high-mass galaxies. We use the tidal strength
parameter to quantify their effects.
Results. We found that AGN is strongly affected by stellar mass in “active” galaxies (namely late-type, blue, and star-forming),
however it has no influence for ”quiescent” galaxies (namely early-type, red, and quenched), at least for masses down to 1010 [M].
In relation to the LSS, we found an increment on the fraction of SFN with denser LSS in low-mass star forming and red isolated
galaxies. Regarding AGN, we find a clear increment of the fraction of AGN with denser environment in quenched and red isolated
galaxies, independently of the stellar mass.
Conclusions. AGN activity would be “mass triggered” in “active” isolated galaxies. This means that AGN is independent of the
intrinsic property of the galaxies, but on its stellar mass. On the other hand, AGN would be “environment triggered” in “quiescent”
isolated galaxies, where the fraction of AGN in terms of sSFR and colour increases from void regions to denser LSS, independently
of its stellar mass.
Key words. galaxies: active – galaxies: formation – galaxies: evolution – galaxies: star formation
1. Introduction
Galaxy mass and environment are both playing a major role
in the evolution of galaxies from star-forming disk to passive
spheroidal galaxies. This evolution can happen in a short time
scale, where the star formation activity is truncated by a discrete
event, or could be due to a gradual increase of the average age
of the stellar population (Casado et al. 2015). Two independent
mechanisms, one related to stellar mass and another related to
environment, have been proposed to explain this transition, gen-
erally called as “quenching”, for local galaxies (Peng et al. 2010;
2012). In this regard, there would be a “environmental quench-
ing” driven by galactic over-density (e. g., Hirschmann et al.
2014; Penny et al. 2016; Rodríguez del Pino et al. 2017), and
“mass quenching”, where the shut down of star formation oc-
curs on more dynamic processes (e. g., Bluck et al. 2014; Fraser-
McKelvie et al. 2016; Rowlands et al. 2018).
The “quenching” process has been broadly studied using di-
agnostic diagrams as the star formation rate (SFR) versus stellar
mass diagram, the specific star formation rate (sSFR) versus stel-
lar mass diagram, or the colour-stellar mass (e.g., Brinchmann
et al. 2004; Noeske et al. 2007; Rodighiero et al. 2011; Schaw-
inski et al. 2014; Renzini & Peng 2015; Duarte Puertas et al.
2017; Catalán-Torrecilla et al. 2017). In the SFR-stellar mass di-
agram, for example, active star forming galaxies define the main
sequence at high values of the SFR, where starburst galaxies pro-
duced by merger processes appears as a outliers galaxies to this
main sequence (e.g., Rodighiero et al. 2011; Casado et al. 2015).
Conversely, the quenched galaxies have higher stellar masses
and lower SFR values. The use of these diagrams to study galax-
ies in different environments shows, for instance, that field galax-
ies are mainly located in star forming regions (the so-called “blue
cloud”), whereas the group central galaxies are strongly biased
to the passive regions (the so-called “red sequence”), which can
be explained by the fact that the stellar mass distributions of
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these two populations are different (Lacerna et al. 2014). The
transition area between the two regions is commonly known as
the “green valley” (e.g., Schawinski et al. 2014).
The principal mechanism responsible for “quenching” the
star formation in galaxies is still unclear (e.g., Peng et al.
2015; Bait et al. 2017; Bremer et al. 2018; Coenda et al. 2018;
Nogueira-Cavalcante et al. 2018; Smethurst et al. 2018). How-
ever, observations have led to the interpretation that active galac-
tic nuclei (AGN) is a plausible physical mechanism of the trans-
formation of star-forming galaxies into passive galaxies (e.g.,
Bower et al. 2006; Heckman & Best 2014; Cheung et al. 2016;
Bongiorno et al. 2016; Smethurst et al. 2016; Penny et al. 2018).
Accordingly, the green valley would be mainly populated by
galaxies hosting an AGN (Terrazas et al. 2017). Unfortunately,
the connections between AGN, stellar mass, and environment are
still not well understood (e.g., Harrison 2017; Cora et al. 2018).
Major mergers appear to be the main driver of high luminos-
ity AGN (Ellison et al. 2011; Ramos Almeida et al. 2012; Kaviraj
et al. 2015; Manzer & De Robertis 2014; Satyapal et al. 2014;
Hong et al. 2015; Chiaberge et al. 2015). This result would be
connected to galaxy mass since the AGN-driven feedback has
been usually proposed as a mechanism of quenching for mas-
sive galaxies after a major merger (e.g., Silk & Rees 1998).
Besides, AGN feedback is expected to play a mayor role in
galaxies with massive halos (e.g., Gaspari et al. 2012), typically
Mh & 1012 [M] (Bower et al. 2006; Croton et al. 2006), which
corresponds to approximately M? & 1010.5 [M]. On the con-
trary, Sabater et al. (2013; 2015) suggest that the large-scale en-
vironment and galaxy interactions play a fundamental but indi-
rect role in AGN activity, by influencing the gas supply, where
the dependence on AGN luminosity is minimal.
The connection between environment and nuclear activity is
not yet clear, however there is some consensus that secular pro-
cesses may be much more important in driving the black hole
growth than previously assumed (McAlpine et al. 2015; Sabater
et al. 2015), where an abundant supply of central cold gas, re-
gardless of its origin, is the principal trigger of AGN, which
can be fed by secular processes. Black holes growth by secular
processes are dominant in isolated galaxies (Sabater et al. 2008;
Hirschmann et al. 2013; Melnyk et al. 2015). The purpose of this
study is therefore to identify the interplay role of the stellar mass
and the large-scale environment (LSS) on driving AGN activity.
We refer to "mass triggered" or "environment triggered" when
the AGN is mostly triggered by stellar mass or environment,
respectively, in a population of isolated galaxies where AGN
would not be triggered by recent galaxy interactions or merg-
ers. With this work we are extending a previous study carried
out by Argudo-Fernández et al. (2016). They observed different
trends depending on galaxy mass. The fraction of optical AGN
for low-mass isolated galaxies decreases from voids to denser
regions, meanwhile the fraction of optical AGN for high-mass
isolated galaxies increases with denser large-scale environment.
Since the prevalence of AGN also depends on galaxy morphol-
ogy (Moles et al. 1995; Schawinski et al. 2010; Hwang et al.
2012; Sabater et al. 2012), in this work we go one step further to
explore these trends as a function of galaxy morphology, colour,
and specific star formation rate. This work is complemented by
a companion study (Lacerna et al. 2018), where we focus on
isolated elliptical galaxies to explore the connection of the large-
scale environment in their integrated properties.
This study is organised as follows. In Sect. 2 we describe
the sample of isolated galaxies used in this work as well as the
selected AGN classification method, the morphology classifi-
cation criteria to separate the sample into early- and late-type
galaxies, the relations considered to separate galaxies between
red/blue and star-forming/quenched, and the parameters used to
quantify the environment. We present our results in Sect. 3 and
the associated discussion in Sect. 4. Finally, a summary and the
main findings of the study are presented in Sect. 5. Through-
out the study, a cosmology with ΩΛ0 = 0.7, Ωm0 = 0.3, and
H0 = 70 km s−1 Mpc−1 is assumed.
2. Data and methodology
2.1. Isolated galaxies
Isolated galaxies represent a population of galaxies with min-
imized environmental evolutionary effects. We use galaxies of
the SDSS-based catalogue of isolated galaxies (hereafter SIG;
Argudo-Fernández et al. 2015b). SIG galaxies are selected from
the SDSS-DR10 (Ahn et al. 2014) in a volume limited sample
redshift range 0.005 ≤ z ≤ 0.080, with 11 ≤ mr ≤ 15.7, where
mr is the SDSS model magnitude in the r-band. The SIG is com-
posed of 3702 isolated galaxies, which represents about 11% of
the galaxies in the local Universe (z ≤ 0.080; Argudo-Fernández
et al. 2015b).
Under a three dimensional isolation criterion, SIG galax-
ies are isolated with no neighbours in a volume of 1 Mpc
projected distance within a line-of-sight velocity difference of
∆ 3 ≤ 500 km s−1, and at least 2 orders of magnitude fainter
within the range of spectroscopic completeness of the SDSS
main galaxy sample at mr,Petrosian < 17.77 mag (Strauss et al.
2002). See Argudo-Fernández et al. (2015b) for further details.
2.2. Stellar masses and AGN classification
We used published stellar masses and AGN classifications for
galaxies in the SDSS-DR7 from Sabater et al. (2013), hereafter
SBA13 classification. In particular, we focus on optically se-
lected nuclear activity.
Total stellar masses and AGN classification in SBA13 were
drawn from Kauffmann et al. (2003b) and from BPT diagnos-
tic (Baldwin et al. 1981; Kauffmann et al. 2003a), respectively.
The information about optical spectra, as the corrected emission-
line fluxes necessary to built BPT diagrams, drawn from the
Max Plank Institute for Astrophysics and Johns Hopkins Uni-
versity (MPA-JHU1; Kauffmann et al. 2003b; Tremonti et al.
2004; Salim et al. 2007) added value catalogue (Brinchmann
et al. 2004).
The fraction of AGN depends strongly on stellar mass
(Kauffmann et al. 2003a; Peng et al. 2010; 2012). There-
fore, to have enough numbers of galaxies in each mass bin,
we considered galaxies with stellar masses within the range
10.0 ≤ log(M?) ≤ 11.4 [M] (see the three panels in Fig. 1).
There are 2299 SIG galaxies in this stellar mass range and with
available SBA13 classification. The total number of these galax-
ies classified by morphology, colour, and specific star formation
rate (sSFR) (when it is possible to classify, see next sub-sections)
is shown in the first row of Table 1 (see Sections 2.3 and 2.4).
Note that there may be repeated galaxies in each classification
column, for instance some SIG late-type galaxies can be also
classified as blue galaxies.
Following SBA13, AGN classification includes transition
objects (TO), Seyfert (Seyfert 1 not included), and low-
ionization nuclear emission-line region (LINER; Heckman
1980) galaxies. To have a statistically significant number of
1 Available at http://www.mpa-garching.mpg.de/SDSS/DR7/
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Table 1. Number of galaxies in each subsample; ET: early-type galaxies
as defined in Sect. 2.3; LT: late-type galaxies as defined in Sect. 2.3;
red: red galaxies as defined in Sect. 2.4; blue: blue galaxies as defined in
Sect. 2.4; quenched: centrally quenched galaxies as defined in Sect. 2.4;
SF: centrally star-forming galaxies as defined in Sect. 2.4.
Type ET LT red blue quenched SF
Total 712 1218 1304 995 1087 1209
AGN 362 586 768 385 611 541
TO 121 332 299 249 138 409
Seyfert 37 65 77 46 62 60
LINER 204 189 392 90 410 72
SFN 44 462 101 486 8 577
Passive 306 170 435 124 468 91
Notes. Meaning of the different types. Total: total number of galaxies in
each subsample; AGN: galaxies classified as LINER, Seyfert, or transi-
tion objects (TO); SFN: star-forming nuclei galaxies; passive: galaxies
with no optical nuclear activity.
galaxies when dividing our sample by morphology, colour, and
sSFR, we only separate nuclear activity into AGN, star-forming
nuclei (SFN), and passive galaxies (in case that no nuclear ac-
tivity is detected). To check that our results are not biased by
this separation, we also explore the observed trends considering
the different AGN subtypes in the Appendix A. The number of
galaxies classified in each type of nuclear activity is also shown
in Table 1.
Note also that, for the reason above, we do not impose any
limit on the [OIII]5007 emission line luminosity. We therefore
need to take into account that some low luminosity AGN (usu-
ally LINERs) at higher redshifts could be classified as passive
if their emission is not strong enough to be detected. Addition-
ally, we discuss our results when considering a different AGN
classification, composed of TO and Seyfert galaxies in Sect. 4.1.
2.3. Morphology
Galaxy morphology is another fundamental property to under-
stand galaxy evolution. In the hierarchical galaxy formation sce-
nario, major mergers is the prevailing mechanism of formation
of early-type galaxies, which commonly happen in dense regions
(e.g. Hernquist 1993; Kauffmann 1996; Tutukov et al. 2007;
Schawinski et al. 2014). Thus, it is expected that a high fraction
of the population of isolated galaxies is composed of late-type
galaxies (Dressler 1980; Hernández-Toledo et al. 2010; Lacerna
et al. 2014; Vulcani et al. 2015). A previous analysis of AGN
activity in isolated elliptical galaxies in the local Universe was
performed in Lacerna et al. (2016). In this paper, we aim to in-
vestigate the AGN activity for both isolated early-type galaxies
and isolated late-type galaxies.
We used the automated morphology classification for a rep-
resentative sample of galaxies developed by Huertas-Company
et al. (2011). They provide a catalogue with a detailed, auto-
mated computational morphological classification for 698,420
galaxies in the SDSS-DR7 (Abazajian et al. 2009) spectro-
scopic catalogue with redshift less than 0.25 and mr ≤ 16 mag.
Huertas-Company et al. (2011) divided the morphologies into
four classes (E, S0, Sab, and Scd) and a broader early-type class
(E or S0). Their automated method associates each galaxy with a
probability to belong to each one of those categories. We consid-
ered the probability to be an early-type galaxy (pEarly) to separate
between early- and late-type galaxies.
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Fig. 1. Distribution of the stellar masses for galaxies in the SIG sample
according to their morphology (red solid line for early-type galaxies and
blue dashed line for late-type galaxies in the top panel), colour (red solid
line for red galaxies and blue dashed line for blue galaxies in the mid-
dle panel), and specific star formation rate (red solid line for quenched
galaxies and blue dashed line for star-forming galaxies in the lower
panel). The shaded area in the figures corresponds to the selected stellar
mass range for this study at 10.0 ≤ log(M?) ≤ 11.4 [M]. The ver-
tical black dotted line corresponds to the selected mass cut to separate
between low-mass and high-mass galaxies at log(M?) = 10.6 [M].
The total number of galaxies at each side of the mass cut is indicated in
the corresponding legend.
There are 2293 SIG galaxies with morphological classifica-
tion, in the stellar-mass range considered this study and with
available SBA13 classification. Of them there are 712 early-type
galaxies (when pEarly > 0.7) and 1218 late-type galaxies (when
pEarly < 0.3).
2.4. Colour and specific star formation rate
We also aim to study the fraction of AGN, SFN, and passive
galaxies as a function of environment in terms of galaxy proper-
ties such as colour and specific star formation rate (sSFR). We
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use the relation found by Lacerna et al. (2014) to separate red
and blue galaxies, specifically
(g − i) = 0.16 [log(M?) − 10.31] + 1.05 , (1)
where the the magnitudes g and i were taken from the
SDSS database with extinction corrected modelMag magni-
tudes (dered parameter), and the stellar mass is in units of M.
We appended/added to our catalogues the photometric informa-
tion/data from SDSS-DR12 (Alam et al. 2015). With this method
we were able to classify all the SIG galaxies in our study in
terms of colour. The SIG galaxies lying below the relation in the
(g − i)–log(M?) diagram are classified as blue (995 SIG galax-
ies), meanwhile SIG galaxies above the line are classified as red
(1304 SIG galaxies).
Likewise, we use the relation provided by Lacerna et al.
(2014) to separate quenched and star-forming galaxies in terms
of their sSFR, i.e.,
log(sSFR) = −0.65 [log(M?) − 10.31] − 10.87 , (2)
where sSFR is in units of yr−1 and the stellar mass is in units of
M. The sSFR has been obtained from the MPA-JHU catalogue
using a spectrophotometric synthesis fitting model. See Lacerna
et al. (2014) for further details of these two relations. Follow-
ing a similar criteria, galaxies above the relation are classified
as star-forming (SF, 1209 SIG galaxies) and galaxies below as
quenched (1087 SIG galaxies). There are three SIG galaxies with
undefined sSFR, so we were not able to classify them.
Note that AGN classification based on purely emission-line
BPT diagrams (as used in SBA13) may be affected by uncer-
tainties (Sabater et al. 2012), where misclassified galaxies could
be classified as LINERs or Seyferts. These uncertainties are spe-
cially important for massive main-sequence local galaxies that
might be misclassified as passives (Rosario et al. 2016). Argudo-
Fernández et al. (2016) checked that less than the 4% of the total
number of galaxies in the SIG would be affected.
At the same time, the selection of SFN galaxies is based on
spectra obtained in the central fiber of the SDSS-DR7, which can
be affected by AGN. We can obtain a more reliable selection of
AGN and SFN galaxies combining the two methods (BPT dia-
grams and synthesis fitting model to the spectra). Therefore, we
will study the fraction of AGN/SFN/passive galaxies as a func-
tion of the population of SF/quenched galaxies. Note also that a
size-limited fiber leads to a different galaxy area coverage, thus
fiber may cover some part of the disk for more distant galax-
ies. According to Kauffmann et al. (2003b), galaxies classified
as SFN do not have more than a 1% contribution of AGN, we
are therefore confident that we are not affected by contamination
of AGN in galaxies classified as SFN. However, we may mis-
classify galaxies with a star-forming disk as AGN. Given that
galaxies with SBA13 classification are restricted to the local and
narrow redshift range 0.03 ≤ z ≤ 0.08, we do not expect a bias
in our results caused by AGN misclassification or even possible
redshift evolution.
As summary, the number of AGN, SFN, and passive galax-
ies in terms of morphology, colour and sSFR are collected in
Table 1. As expected, there is a small number of early-type, red,
and quenched SFN SIG galaxies. Similarly, the number of late-
type, blue, and star-forming isolated passives is also small.
2.5. Quantification of the environment
The public SIG catalogue also provides the isolation degree for
SIG galaxies in terms of their large-scale environment (Argudo-
Fernández et al. 2015b). They use the tidal strength parameter
(Verley et al. 2007; Sabater et al. 2013; Argudo-Fernández et al.
2013; 2014) to quantify the influence of the neighbour galaxies
in their LSS, which are the galaxies lying within a volume of
5 Mpc projected distance and line-of-sight velocity difference of
∆ 3 ≤ 500 km s−1.
To study the influence of the large-scale environment on the
AGN fraction for SIG galaxies, we therefore selected the QLSS
parameter (Eq. 3), i. e. the tidal strength exerted by all the galax-
ies in the LSS. Then, for each galaxy, i, in the LSS at a projected
distance dLS S i and stellar mass MLS S i
2, the total tidal strength on
the SIG galaxy is:
QLSS ≡ log
∑
i
MLS S i
M
(
D
dLS S i
)3 , (3)
where M and D3 are the stellar mass and the estimated diameter
of the SIG galaxy, respectively.
The greater the value of QLSS, the less isolated from ex-
ternal influence the galaxy. In fact, using the visualization tool
LSSGalPY (Argudo-Fernández et al. 2015a; 2017), Argudo-
Fernández et al. (2016) checked that SIG galaxies with low
values of QLSS are generally located in voids (QLSS < −5.5),
and at higher values of the QLSS the galaxies are more re-
lated with denser structures, e. g., in the outskirts of clusters
(QLSS > −4.5). In this regard, it is appropriate to note SIG
galaxies mainly belong to the outer parts of filaments, walls, and
clusters, and generally differ from the void population of galax-
ies, where only one-third of SIG galaxies are located in voids
(Argudo-Fernández et al. 2015b).
3. Results
3.1. AGN prevalence in isolated galaxies
We compare the relative fraction of SFN, AGN, and passive
galaxies with respect to the stellar mass in the SIG, as a func-
tion of morphology, colour, and sSFR. Since there is a strong
dependence of AGN with stellar mass, it is recommendable to
made a separated study in different stellar mass bins (SBA13).
According to the distributions shown in Fig. 1, we separate
into seven stellar mass bins from log(M?) = 10.0 [M] to
log(M?) = 11.4 [M].
The left panel in Fig. 2 shows that the fraction of SFN de-
creases with stellar mass for late-type, blue, and star-forming
SIG galaxies, where the fraction for late-type galaxies is slightly
steeper. On the contrary, the fraction of AGN increases with stel-
lar mass (middle panel in Fig. 2) for these galaxies. The fraction
of passives also increases but the tendency is less steep, where
the fraction for star-forming isolated galaxies is the smoothest
one (right panel in Fig. 2). The same trend of AGN with stellar
mass is observed if we separate late-type, blue, and star-forming
SIG galaxies in TOs, Seyferts and LINERs (see Fig. A.1).
2 Stellar masses for galaxies in the LSS were calculated by fitting the
spectral energy distribution, on the five SDSS bands, using the routine
kcorrect (Blanton & Roweis 2007).
3 D = 2αr90 (Argudo-Fernández et al. 2013), where r90, the Petrosian
radius containing 90 % of the total flux of the galaxy in the r-band,
is scaled by a factor α = 1.43 to recover the D25, defined by the
µB(B) = 25.0 mag/arcsec2 isophote.
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The fractions of SFN, AGN, and passives for early-type, red,
and quenched SIG galaxies are roughly constant with stellar
mass, with except to the first bin, where the number of these
galaxies at low stellar mass is small.
As shown in the left panel in Fig. 2, in general the fraction
of late-type, blue, and star-forming SIG galaxies classified as
SFN in each stellar mass bin is larger than the fraction of early-
type, red, quenched SIG galaxies, but is smaller for galaxies
classified as passives as shown in the right panel. In the case
of galaxies classified as AGN, the fraction of late-type, blue,
and star-forming galaxies is in general higher or equal than that
of early-type, red, and quenched SIG galaxies at stellar masses
log(M?) > 10.6 [M].
Note that the observed trends may be affected by the low
number of early-type, red, and quenched galaxies at low stellar
mass, and late-type, blue and star-forming galaxies at high stellar
mass (see also the stellar mass distributions in Fig. 1). For that
reason we focus only on general trends observed in bins with a
larger statistic.
3.2. Dependence on the LSS environment
As introduced in Sect. 2.5, we use the QLSS to quantify the effect
of the LSS on the fractions of SFN, AGN, and passive galaxies
in the SIG. To take into account the effect of the mass and hav-
ing enough statistic, we divide the samples into two stellar mass
bins: low-mass galaxies (10.0 ≤ log(M?) < 10.6 [M]) and
high-mass galaxies (10.6 ≤ log(M?) ≤ 11.4 [M]). We se-
lected this mass cut value of log(M?) = 10.6 [M] to have a
similar number of galaxies at both sides of the distributions (see
Fig. 1) and also it is approximately the mass value where the
fraction of AGN for early-type, red, and quenched SIG galax-
ies matches the fraction of AGN for late-type, blue, star-forming
SIG galaxies.
Figure 3 shows the fraction of optical nuclear activity, seg-
regated in low- and high-mass bins, with respect to QLSS, for
SIG galaxies as a function of their morphology. Higher values
of the QLSS correspond to a stronger interaction with the LSS.
Similarly, figures 4 and 5 show the fraction of SFN, AGN, and
passive SIG galaxies in terms of colour and sSFR, respectively.
In general, there is no clear dependence on the large-scale
environment in the nuclear activity for SIG galaxies in terms of
morphology and colour, although there is a trend for high-mass
SIG galaxies to increase with denser LSS environment. There
are some trends in terms of sSFR classification, which will be
discussed in Sect. 4, as well as other general trends.
4. Discussion
4.1. AGN prevalence in isolated galaxies
It is known that there is a strong dependence of the prevalence
of AGN on the mass of the host galaxy (Kauffmann et al. 2003a;
2004; Best et al. 2005). Following the previous work in Argudo-
Fernández et al. (2016), we control stellar mass restricting the
galaxies to the stellar mass range 10.0 ≤ log(M?) ≤ 11.4 [M].
They found that, for any of the galaxy samples considered in
their study, the fraction of SFN decreases with stellar mass, and
the fractions of AGN and passives increase with higher stellar
mass (where the trend is steeper for AGNs). In the present work
we explore these trends in isolated galaxies as a function of their
morphology, colour, and sSFR.
As it is shown in Fig. 2, the previous trends are only observed
in late-type, blue, and star-forming isolated galaxies. However,
the fractions for early-type, red, and quenched isolated galax-
ies are roughly constant and independent of the stellar mass.
This means that once an isolated galaxy is in a quiescent state
(evolved, without forming new stars), there is about 50% to 60%
probability that the galaxy hosts an AGN and about 40% proba-
bility that is a passive galaxy, independently of its stellar mass.
Argudo-Fernández et al. (2016) did not observe this bimodal-
ity since most of the SIG (about 75%) is composed of late-type
galaxies, in agreement to the morphology-density relation.
According to the central panel in Fig. 2, there is a higher
fraction of AGNs in low-mass early-type, red, and quenched iso-
lated galaxies than for low-mass late-type, blue, and star-forming
isolated galaxies, in agreement with Sabater et al. (2012) and
Hernández-Ibarra et al. (2016), which suggest that the role of a
bulge, and a large gas reservoir are both essential to trigger opti-
cal nuclear activity. Once the galaxy reaches a stellar mass about
log(M?) ∼ 10.6 [M], the probability that an isolated galaxy
hosts an AGN is independent of its morphology, colour, or sSFR.
At higher stellar mass, the fraction of AGN in late-type, blue,
and star-forming isolated galaxies is larger. This may be affected
the fact that galaxies with stellar masses log(M?) > 10.5 [M]
may present large bulges, therefore they show lower star forma-
tion and favour AGN classification in a BPT diagram (Brinch-
mann et al. 2004; Richards et al. 2016). In fact Duarte Puer-
tas et al. (2017) observe a decrease of the SFR in galaxies with
log(M?) > 10.6 [M].
For consistency with Argudo-Fernández et al. (2016), and
to have a statistically meaningful number of galaxies, we con-
sider TO, Seyfert, and LINER as AGN galaxies following also
the work of Sabater et al. (2013). However, recent studies of the
spatially resolved nebular emission in nearby galaxies, using In-
tegral Field Unit (IFU) data, suggest that LINER-like emission is
more related to evolved stars and not directly related to nuclear
ionization (e.g., Singh et al. 2013; Belfiore et al. 2016). In this
regard, we explore the effect of considering LINER galaxies the
AGN classification.
Similar to the central panel in the Fig. 2, the Fig. 6 shows the
fraction of AGN when considering only Seyfert and TO galax-
ies. We observe similar trends under this consideration, i.e. the
fraction of AGN increases with stellar mass in late-type, blue
and star-forming SIG galaxies, which is higher than the fraction
in early-type, red, and Quenched SIG galaxies at higher masses.
However we observe that this happens at slightly smaller stellar
mass (log(M?) > 10.5 [M]). This value was also considered
to separate between low- and high-mass galaxies when explor-
ing the effect of the LSS environment in the fraction of AGN
(see Appendix B), and it is therefore considered in the range
of uncertainties. The most important difference when excluding
LINER galaxies is the slow decrement of the fraction of AGN in
early-type, red, and quenched galaxies with stellar mass, instead
of being roughly constant.
Note that we do not exclude TOs in the AGN classification,
since they contain AGN component up to 40% of their Hα lumi-
nosity (Brinchmann et al. 2004). Given that our analysis is based
on spectroscopic data from the 3” fibre at the central area of the
galaxies, which typically contains the nuclear region at the red-
shift range considered in our galaxy sample, we can consider that
the effect of non-AGN emission in our classification is minimal.
However, we additionally explore the AGN prevalence in each
AGN subtype i.e., TOs, Seyferts, and LINERs. The results of
this analysis are presented in the Appendix A. Even if the statis-
tic is low, the general trend for late-type, blue, and star-forming
galaxies is to increase with the stellar mass (see Fig. A.1), in
agreement with the results shown in the middle panel of Fig. 2.
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Fig. 2. Fraction of SFN (left panel), optical AGN (middle panel), and passive galaxies (right panel) with respect to stellar mass. The fraction in
early-type (NT = 712), red (NT = 1304), and quenched (NT = 1087) SIG galaxies is depicted by yellow circles, red triangles, and orange
pluses, respectively. Cyan squares correspond to the fraction in late-type SIG galaxies (NT = 1218), blue inverted triangles for blue SIG galaxies
(NT = 995), and light blue stars for star-forming SIG galaxies (NT = 1209). The number of galaxies in each stellar mass bin is shown in tables for
each sample at the bottom of each panel. Error bars are given by considering binomial distribution.
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Fig. 3. Fraction of optical nuclear activity with respect to the QLSS environmental parameter according to their morphology. Low-mass galaxies
(10.0 ≤ log(M?) < 10.6 [M]) are represented by cyan circles, and high-mass galaxies (10.6 ≤ log(M?) ≤ 11.4 [M]) are represented by
orange squares. The fraction of SFN, AGN, and passive late-type SIG galaxies (NT = 462, 586, and 170, respectively) is represented from top to
bottom in the left panels, and for early-type SIG galaxies (NT = 44, 362, and 306, respectively) in the right panels. The number of galaxies in each
QLSS bin is shown in tables for each sample at the bottom of each panel. Error bars are given considering binomial distribution.
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Fig. 4. Fraction of optical nuclear activity with respect to the QLSS environmental parameter according to their colour. Low-mass galaxies
(10.0 ≤ log(M?) < 10.6 [M]) are represented by cyan circles, and high-mass galaxies (10.6 ≤ log(M?) ≤ 11.4 [M]) are represented
by orange squares. The fraction of SFN, optical AGN, and passive blue SIG galaxies (NT = 486, 385, and 124, respectively) is represented from
top to bottom in the left panels, and for red SIG galaxies (NT = 101, 768, and 435, respectively) in the right panels. The number of galaxies in each
QLSS bin is shown in tables for each sample at the bottom of each panel. Error bars are given considering binomial distribution.
The TO and Seyfert prevalence for early-type, red, and quenched
SIG galaxies is roughly constant, also in agreement with the pre-
vious results. Only when considering LINERs we observe an in-
crement with stellar mass. However, the fractions of LINERs at
low mass for early-type, red and quenched galaxies are signif-
icantly larger than late-type, blue, and star-forming galaxies, in
agreement with the previous results. Therefore, our main con-
clusions overall are valid.
4.2. Dependence on the LSS environment
Argudo-Fernández et al. (2016) found a strong dependence of
the LSS on the optical nuclear activity and star formation in
isolated galaxies, where the observed trends are different de-
pending on galaxy mass. In particular, they found an increment
of the fraction of low-mass SFN isolated galaxies with denser
LSS. This trend is reproduced by low-mass star-forming iso-
lated galaxies (see the upper left panel in Fig. 5), which is even
steeper if we select a mass cut of log(M?) = 10.5 [M]
(see the upper left panel in Fig. B.1) instead of the selected
log(M?) = 10.6 [M]. Surprisingly, we also observe this trend
for low-mass red isolated galaxies (see the upper right panel in
Fig. 4), even if there is a low fraction of red SFN galaxies.
To explore the connection on this trend for these two differ-
ent population of galaxies, we have checked that low-mass red
isolated galaxies with a SFN at high QLSS are also star-forming
galaxies. This population of red and star-forming galaxies in the
Local Universe is known as Red Misfits (Evans et al. 2018), a
transition population to the red sequence, where the quenching
is dominated by internal processes rather than environmentally-
driven processes. Then it would be somehow expected to find
this population in isolated galaxies. However Evans et al. (2018)
found that the proportion of Red Misfits is nearly independent
of environment, and we find this population for isolated galaxies
at denser LSS. These preliminary differences are worth a further
detailed study.
We do not see any trend in SFN for low-mass isolated galax-
ies in terms of morphology (Fig. 3). In the case of high-mass
isolated galaxies, in general, there is no dependence of the LSS
on the fraction of SFN, although it seems there is a slight ten-
dency for late-type isolated galaxies to increases with the QLSS
(see the upper left panel in Fig. 3).
As expected, the fraction of SFN in late-type, blue, and star-
forming galaxies is generally larger than in early-type, red, and
quenched galaxies, especially in low-mass galaxies (see also the
left panel in Fig. 2). With except to low-mass star-forming galax-
ies, where the fraction increases with higher QLSS, the fractions
of SFN are independent of the LSS. Therefore, even when ex-
ploring the trends observed in Argudo-Fernández et al. (2016) in
terms of morphology, colour, and sSFR, we still do not observe
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Fig. 5. Fraction of optical nuclear activity with respect to the QLSS environmental parameter according to their sSFR status. Low-mass galaxies
(10.0 ≤ log(M?) < 10.6 [M]) are represented by cyan circles, and high-mass galaxies (10.6 ≤ log(M?) ≤ 11.4 [M]) are represented by
orange squares. The fraction of SFN, optical AGN, and passive star forming SIG galaxies (NT = 577, 541, and 91, respectively) is represented from
top to bottom in the left panels, and for quenched SIG galaxies (NT = 8, 611, and 468, respectively) in the right panels. The number of galaxies in
each QLSS bin is shown in tables for each sample at the bottom of each panel. Error bars are given considering binomial distribution.
an increment of the SFN in void galaxies (here SIG galaxies with
low values of the QLSS), as reported in Liu et al. (2015). The dif-
ference between the results of the two studies may be therefore
caused by the fact that the void population of galaxies are com-
posed of galaxies with diverse local environments, commonly
known as field galaxies, which may be composed of pairs and
small groups of galaxies, where the spectral properties may be
different and be affected by the group environment and/or inter-
actions.
Argudo-Fernández et al. (2016) also found an increment of
the fraction of AGN in high-mass SIG galaxies, and a decrement
in low-mass galaxies, with denser LSS. Our results reproduce
these trends in terms of the colour and the sSFR, in particu-
lar for high-mass red and quenched isolated galaxies, and low-
mass blue and star-forming isolated galaxies, respectively (see
the middle panels in Figures 4 and 5). Moreover, the increment
of the fraction of AGN with denser LSS seems to be independent
of the stellar mass for both red and quenched galaxies. In addi-
tion, we also observe the fraction of AGN in high-mass early-
type isolated galaxies slightly increases with QLSS (see the right
middle panel in Fig. 3). On the contrary, the fraction of AGN
in high-mass late-type, blue, and star-forming isolated galaxies
does not depend on the LSS environment. So we can conclude
that the AGN fractions for late-type, blue, and star-forming iso-
lated galaxies depend strongly on the stellar mass, i.e. AGN is
“mass triggered”.
Regarding passive galaxies, the results are in agreement with
Argudo-Fernández et al. (2016), where the general trend of the
fraction of passive isolated galaxies is to decrease with higher
value of the QLSS, i.e. from voids to denser regions as clusters
and filaments. This trend is also independent of galaxy mass,
morphology, colour, and sSFR.
As introduced in Sec. 2.2, the classification of AGN based
on BPT diagrams is not perfect and there might be some issues
to take into consideration. The obtained results, in comparison
to Argudo-Fernández et al. (2016), show that a separation be-
tween quenched and star-forming galaxies in terms of the sSFR
provides a clean selection of SFN and AGN galaxy populations,
since some star-forming galaxies could be classified as AGNs
using BPT diagrams. Note also the sensitivity of the stellar mass
cut log(M?) = 10.6 [M] on the fraction of AGN in terms of
sSFR when separating between low-mass and high-mass galax-
ies (see Appendix B for results using other stellar mass cuts).
On the other hand, the observed trends in terms of morphology
and colour are robust. The “mass triggered” AGN are still dom-
inant in late-type, blue, and star-forming SIG galaxies for differ-
ent stellar mass cuts.
We also found that, in terms of colour, isolated galaxies are
sensitive to the LSS, where we can also confirm that the frac-
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Fig. 6. Similar to the middle panel in the Fig. 2 but considering only TO
and Seyfert as AGN subtypes (i.e., excluding SIG galaxies classified as
LINER). The number of galaxies in each stellar mass bin is shown in
the table at the bottom. Error bars are given by considering binomial
distribution.
tion of AGN increases with denser LSS. This is more evident
in red galaxies, where this increment is also independent of the
stellar-mass. A similar dependence on the environment in terms
of colour was reported by Deng et al. (2011) for star formation
rate and sSFR, where the dependence is stronger for red galaxies.
In the present work we report for the first time the environmen-
tal dependence on AGN in terms of colour, for isolated galax-
ies with respect to their large-scale environment, independently
of their stellar mass. The results suggest that the secular pro-
cesses that trigger AGN on red and quenched isolated galaxies,
and partially for early-type galaxies where the trends are a bit
more noisy, are specially sensitive to the LSS, i.e. “environment
triggered”, increasing their fraction and probably being feeded
by the accretion of cold gas from the LSS.
5. Summary and conclusions
Galaxy mass and environment are both playing a major role in
the evolution of galaxies (Peng et al. 2010; 2012). At the same
time, AGN has been proposed as a plausible physical mechanism
of the evolution of star-forming galaxies in quenched galaxies.
Accordingly, we try to identify the connections between AGN
activity and the stellar mass and the large-scale environment
(LSS) in a population of isolated galaxies, where AGN would
not be triggered by recent galaxy interactions or mergers, and
thus black hole growths by secular processes (Hirschmann et al.
2013). In this work we extend a previous study carried out by
Argudo-Fernández et al. (2016) and we focus on isolated galax-
ies to investigate the effect of both, mass and environment, on
the fraction of optical nuclear activity in isolated galaxies as a
function of their morphology, colour, and sSFR.
We selected galaxies in the the SDSS-based catalogue of iso-
lated galaxies (SIG, Argudo-Fernández et al. 2015b). We used
the AGN classification provided by (Sabater et al. 2013), based
on BPT diagnosis diagrams, where AGN are composed of TO,
Seyfert, and LINER galaxies. We divided our galaxy sample
in terms of morphology (provided by Huertas-Company et al.
2011), colour, and sSFR (according to the relations for SDSS
galaxies provided by Lacerna et al. 2014). To quantify the effect
of the LSS around SIG galaxies, we used the tidal strength ex-
erted by all the neighbour galaxies in a volume of 5 Mpc field ra-
dius within 500 km s−1 line-of-sight velocity difference (Argudo-
Fernández et al. 2014; 2015b).
In Sect. 3.1 we explored the connection between
AGN and stellar mass when separating isolated galax-
ies in terms of morphology, colour and sSFR. In
Sect. 3.2 we fixed the stellar mass into low- and high-
mass galaxies (10.0 ≤ log(M?) < 10.6 [M] and
10.6 ≤ log(M?) ≤ 11.4 [M], respectively) to explore where
AGN activity is affected by the LSS.
Our findings are the following:
1. We found that AGN is strongly affected by stellar mass in
”active” galaxies (namely late-type, blue, and star-forming),
however it has no influence for “quiescent” galaxies (namely
early-type, red, and quenched).
2. In agreement with Argudo-Fernández et al. (2016), the frac-
tion of SFN decreases with stellar mass and the fraction of
AGN increases, but in the present study we only observe this
trend in “active” isolated galaxies.
3. On the contrary, when an isolated galaxy is in a quiescent
state, the fraction of SFN, AGN, and passive isolated galax-
ies is independent of the stellar mass.
4. The fraction of AGN in low-mass ”quiescent” isolated galax-
ies is higher than that in late-type, blue, or star-forming iso-
lated galaxies of the same mass. Once the galaxy reaches a
stellar mass about log(M?) ∼ 10.6 [M], the probability
that an isolated galaxy hosts an AGN is independent of its
morphology, colour, or sSFR.
5. In general, the trends previously found in Argudo-Fernández
et al. (2016) with respect to the LSS are weakly reproduced
for ”active” isolated galaxies but well reproduced by “quies-
cent” galaxies in terms of sSFR and colour. We do not find a
clear dependency on the LSS in the fraction of nuclear activ-
ity with galaxy morphology.
6. In comparison to Argudo-Fernández et al. (2016), we find an
increment on the fraction of SFN with denser LSS in low-
mass star forming and red isolated galaxies. We find that
these low-mass red galaxies with a SFN at high QLSS are
also star-forming galaxies, which would be considered in the
population of Red Misfits (Evans et al. 2018).
7. Regarding AGN, we find a clear increment of the fraction of
AGN with denser environment in quenched and red isolated
galaxies, independently of the stellar mass. However we do
not find a decrement in low-mass red and quenched galaxies,
but this is observed in low-mass blue and star-forming SIG
galaxies.
This clear separability of the effects of environment and stel-
lar mass on nuclear activity suggests that there are two distinct
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processes at work. Thereby AGN activity would be “mass trig-
gered” in “active” isolated galaxies. This means that AGN is in-
dependent of the intrinsic property of the galaxies, except on its
stellar mass. On the other hand, AGN would be “environment
triggered” in “quiescent” isolated galaxies, where the fraction of
AGN in terms of sSFR and colour increases from void regions
to denser LSS, independently of its stellar mass.
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Appendix A: AGN subtypes prevalence
The AGN classification used in this study, adopted from Sabater
et al. (2013), is composed of galaxies classified as TO, Seyfert,
and LINER. In Sec. 3.1 we studied the optical AGN prevalence
of isolated galaxies with respect to the stellar mass, as a function
of morphology, colour, and sSFR. To explore the effect of the
AGN classification in our conclusions, in this section we com-
pare the relative fraction of each AGN subtype at the same stellar
mass bins.
The three panels of Fig. A.1 show the fractions of SIG galax-
ies classified as TO, Seyfert, and LINER. Therefore, at fixed stel-
lar mass, the sum of each number in the lower tables is equal to
the number of AGN in the lower table of the middle panel in
Fig. 2 for the same galaxy group. For instance, the sum of the
number of isolated early-type galaxies classified as TO (5 galax-
ies), Seyfert (1 galaxy), and LINER (1 galaxy) in the first mass
bin is equal to 7, as shown in the table of the middle panel in
Fig. 2.
The trend observed in the AGN fractions of massive galaxies,
log(M?) > 10.6 [M], in the middle panel of Fig. 2 is qualita-
tively reproduced by “active” (late-type, blue, and star-forming)
SIG galaxies with equal or larger fractions of TOs and Seyferts
than “passive” (early-type, red, and quenched) SIG galaxies. In
the case of LINERs, the fraction is slightly lower in active galax-
ies than in passive galaxies. For lower stellar masses, the middle
panel of Fig. 2 shows an overall trend where the fraction of each
AGN subtype in passive galaxies are equal or larger than those
of active galaxies. This trend, even if is noisier, is still observable
when we separate the AGN classification in the three subtypes.
The possible consequences of these results on our main con-
clusions are discussed in Sec. 4.1.
Appendix B: Effect of the selected stellar mass cut
According to the distributions presented in Fig. 1, we selected a
stellar mass cut log(M?) = 10.6 [M] as a good compromise
between the number of galaxies at each side of the distributions
and an equally valid value when separating between late- and
early-type galaxies, blue and red galaxies, and star-forming and
quenched galaxies.
However, when exploring the AGN prevalence as a function
of the stellar mass, we observe that there is a transition stellar
mass range around the selected mass cut log(M?) = 10.6 [M],
where the fractions of AGN in ”active” isolated galaxies equal
the fractions of AGN in ”quiescent” isolated galaxies (see the
middle panel in Fig. 2).
Here we explore whether there is any effect of the stellar
mass cut value on the observed trends of the fractions of SFN,
AGN, and passive galaxies with the LSS, presented in Sect. 4.2.
We select log(M?) = 10.5 [M] and log(M?) = 10.7 [M] as
a low and high limit values of the critical stellar mass region.
Figures B.1 and B.2 are similar to Fig. 5 but using a stellar
mass cut log(M?) = 10.5 [M] and log(M?) = 10.7 [M],
respectively. We observe that the trends of the fractions of
AGN for star-forming and quenched galaxies are somewhat
sensitive to the stellar mass cut. In particular, using a mass
cut log(M?) = 10.5 [M] the observed trends in low-
mass star-forming galaxies are steeper. We also find a sepa-
ration of the fraction of AGN for the highest bin of QLSS in
quenched galaxies, where the fraction of AGN in low-mass
galaxies is lower than the fraction of AGN in high-mass galax-
ies. Since this observed separation disappear when selecting
log(M?) = 10.6 [M] and log(M?) = 10.7 [M], it may be
an artefact of the low number of low-mass quenched galaxies in
that bin. Similarly on the fraction of passive quenched galaxies.
We do not observe any difference of the trends in terms of mor-
phology and colour, we therefore do not show the corresponding
figures.
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Fig. A.1. Fraction of TO (left panel), Seyfert (middle panel), and LINER galaxies (right panel) with respect to stellar mass. Following the Fig. 2,
the fraction in early-type (NT = 362), red (NT = 768), and quenched (NT = 611) SIG galaxies classified as AGN are depicted by yellow
circles, red triangles, and orange pluses, respectively. Cyan squares correspond to the fraction of AGN in late-type SIG galaxies (NT = 586), blue
inverted triangles for blue SIG galaxies (NT = 385), and light blue stars for star-forming SIG galaxies (NT = 541). The fractions of TO (left panel),
Seyfert (middle panel), and LINER (right panel) galaxies are shown in tables for each sample at the bottom of each panel. Error bars are given by
considering binomial distribution.
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Fig. B.1. Fraction of optical nuclear activity with respect to the QLSS environmental parameter according to their sSFR status. Low-mass galaxies
(10.0 ≤ log(M?) < 10.5 [M]) are represented by cyan circles, and high-mass galaxies (10.5 ≤ log(M?) ≤ 11.4 [M]) are represented by
orange squares. The fraction of SFN, optical AGN, and passive star forming SIG galaxies (NT = 577, 541, and 91, respectively) is represented from
top to bottom in the left panels, and for quenched SIG galaxies (NT = 8, 611, and 468, respectively) in the right panels. The number of galaxies in
each QLSS bin is shown in tables for each sample at the bottom of each panel. Error bars are given considering binomial distribution.
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Fig. B.2. Fraction of optical nuclear activity with respect to the QLSS environmental parameter according to their sSFR status. Low-mass galaxies
(10.0 ≤ log(M?) < 10.7 [M]) are represented by cyan circles, and high-mass galaxies (10.7 ≤ log(M?) ≤ 11.4 [M]) are represented by
orange squares. The fraction of SFN, optical AGN, and passive star forming SIG galaxies (NT = 577, 541, and 91, respectively) is represented from
top to bottom in the left panels, and for quenched SIG galaxies (NT = 8, 611, and 468, respectively) in the right panels. The number of galaxies in
each QLSS bin is shown in tables for each sample at the bottom of each panel. Error bars are given considering binomial distribution.
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